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Effects of nitrogen reduction with biochar application on soil organic
nitrogen and cotton yield in drip-irrigated cotton fields
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Abstract; In order to alleviate the problem of soil nitrogen pool imbalance and reduced cotton yield caused by
nitrogen fertilizer reduction, field trials were carried out from 2022 to 2023. The experiment was set up with six
treatments ; no nitrogen fertilizer (NO) , conventional nitrogen application (300 kg + hm™>, N300) , 20% reduction
of nitrogen fertilizer (240 kg - hm™, N240) , 40% reduction of nitrogen fertilizer (180 kg - hm™, N180) , 20%
reduction of nitrogen fertilizer with biochar ( N240+BC) and 40% reduction of nitrogen fertilizer with biochar
(N180+BC). Results indicated that (1) soil total nitrogen content of N240, N180, and N180+BC treatments was
significantly lower than that of N300 treatment. The soil total nitrogen content in the N240+BC treatment increased
significantly by 19.49% and 22.86% compared to the N240 treatment, while there was no significant difference
compared to the N300 treatment. (2) The content of soil water-soluble organic nitrogen, particulate organic nitro-
gen, and mineral bound organic nitrogen decreased to varying degrees with the increase of nitrogen fertilizer reduc-

tion ratio. Compared with N240, the soil water-soluble organic nitrogen and particulate organic nitrogen content in
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N240+BC treatment significantly increased by 25.28% and 51.81% , respectively. (3) Nitrogen fertilizer reduction
with biochar (N240+BC, N180+BC) significantly increased the nitrogen pool management index by 48.12% ~
101.13% and 17.97% ~ 41.37% compared to the corresponding nitrogen reduction treatments ( N240, N180).
(4) The activities of leucine aminopeptidase, N—acetyl—3-D—glucosidase, cellulase, and B-glucosidase in soil
treated with reduced nitrogen fertilizer and biochar were significantly higher compared to those in treatments with re-
duced nitrogen fertilizer alone, with an increase of 30.90% ~90.21%, 11.24% ~102.23%, 11.45% ~51.73%, and
10.92% ~32.96% , respectively. (5) Reducing nitrogen fertilizer significantly decreased cotton yield, with the mag-
nitude of reduction increasing over the years. In the second year, cotton yield in the N240+BC treatment signifi-
cantly increased by 13.79% compared to the N240 treatment. However, there was no significant difference in cotton
yield between the two years when compared to the N300 treatment. The results revealed that reducing nitrogen fertil-
izer by 20% combined with biochar significantly increased total nitrogen, water-soluble organic nitrogen, and par-
ticulate organic nitrogen in drip-irrigated cotton fields. This also improved the soil nitrogen pool management index
and cotton yield, helping to sustain both the nitrogen pool capacity and the soil’ s nitrogen supply.

Keywords : cotton; nitrogen fertilizer reduction; biochar; organic nitrogen fraction; soil enzyme activity ; yield
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Fig.1 Soil total nitrogen content under different treatments in 2022-2023
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Fig.2  Content of soil organic nitrogen components under different treatments in 2022-2023
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Table 1  Soil nitrogen storage management index and related indicators under different treatments in 2022-2023

Y Year KbFH Treatment RIFETRE NPl RIENGE NL FUEIE BEEFR S NL R PRFE L NPMI

NO 1.00+0.03e 0.30+0.01d 1.00+0.05d 100.00+3.66d
N300 1.79£0.05a 0.53+0.02a 1.79+0.08a 320.27+4.78a

02 N240 1.53+0.003¢ 0.38+0.02¢ 1.27+0.06¢ 196.10+10.92b

N180 1.37£0.01d 0.28+0.03d 0.96+0.11d 131.99+15.02¢

N240+BC 1.83+0.13a 0.47+0.03b 1.59+0.11b 290.46+19.43a

N180+BC 1.67+0.05b 0.33+0.05¢d 1.11+0.17cd 186.60+32.81b

NO 1.00+0.002e 0.42+0.06¢ 1.00£0.15¢ 100.00+14.32¢

N300 1.98+0.07a 0.80+0.06a 1.89+0.14a 374.93+40.02a
023 N240 1.63+0.002b 0.52+0.02b 1.24+0.003b 202.07+0.87h
N180 1.21£0.004d 0.48+0.03bc 1.14£0.07bc 138.21+8.74c
N240+BC 2.00£0.05a 0.86+0.02a 2.03+0.04a 406.42+1.58a

N180+BC 1.31+0.01c 0.52+0.05h 1.24+0.11b 163.05+13.53¢

T R PRI - B AR 22 R 6]/ NG R 8] — 4y AN ) b B ) 22 57 438 ( P<0.05) , T 1],

Note: Data in the table are mean * standard deviation. Different lowercase letters in the same column indicate significant differences between treat-

ments in the same year (P<0.05). The same below.
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Table 2 Soil enzyme activities under different treatments in 2022-2023
) . N-Zk-B-D-Z 5 _ "
6y wm R UR I L I S L
Year Treatment /(g - dt. g'l) NAG
© /(ug-ht gl /(nmol-h’l'gfl)/(nmol.h_l'g_l)/(nmol-h’I-g’l)/(nmol'h’l-g’l)
NO 55.96+0.2d 4.44+0.1d 35.17+3.5¢e 49.79+2.2¢ 29.18+3.1e 146.00+0.4e
N300 127.77+1.4a 22.26+1.1a 255.43+1.3a 198.47+4.0a 86.90+4.1a 354.93+3.9a
2022 N240 107.69+1.5b 9.56+0.6b 193.51+2.0b 93.40+0.8¢ 65.43+4.0c 284.15+0.2b
N180 86.50+1.5¢ 8.78+0.4bc 90.63+2.3d 56.68+1.1d 52.58+3.6d 212.09+4.5d
N240+BC 119.27+1.2ab 21.90+0.4a 253.31+3.4a 188.88+0.9b 72.92+0.6b 361.86+4.6a
N180+BC 94.13+0.8¢c 7.18+1.1c 172.39+2.7¢ 91.96+1.4c¢ 68.19+1.1hc 235.24+6.2¢
NO 45.77+0.54¢ 4.46+0.20e 48.76+2.30d 44.92+1.22¢ 21.69+0.36e 122.01+5.74f
N300 146.40+4.99a 27.95+0.51a 328.75+9.06a 226.40+4.28a 118.59+5.71b 546.43+8.85b
2003 N240 109.30+1.25b 17.32+0.74b 249.75+4.90b 112.84+1.56¢ 100.52+4.96¢ 423.63+9.26¢
N180 60.71+6.44d 9.80+0.17d 169.46+4.30c 102.29+1.44d 78.04+1.10d 312.72+4.72e
N240+BC 142.64+0.54a 28.71+0.23a 340.15+7.09a 206.92+1.13b 133.33+3.50a 563.27+8.79a
N180+BC 92.20+3.90¢ 11.80+0.45¢ 244.56+10.79b 113.79+1.05¢ 118.41+3.23b 406.45+9.29d
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Fig.3  Cotton yield under different treatments in 2022-2023
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Fig.4  Correlation analysis between soil organic nitrogen

components, soil enzyme activity and cotton yield
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